Purpose: The objective of the current study was to identify the clinicopathological risk factors affecting recurrence after a curative resection for stage I colorectal cancer. Methods: We retrospectively studied 434 patients who underwent a curative resection for stage I colorectal cancer between January 1999 and December 2004. Postoperative oral chemotherapy was performed in 189 patients (45.3%). The following prognostic factors were correlated with recurrence: age, gender, preoperative carcinoembryonic antigen level, location of tumor, T stage, size of tumor, histologic differentiation, growth pattern, and lymphovascular invasion. The median follow-up duration was 65 months. Results: The overall recurrence rate was 4.6% (20/434). The median time to recurrence was 33 months. Two-thirds of the recurrence occurred more than two years after surgery. Risk factors associated with recurrence were rectal cancer (P = 0.009), T2 stage (P = 0.010), and infiltrative growth pattern (P = 0.020). A Cox proportional hazards regression analysis demonstrated that the infiltrative growth pattern was an independent predictor for recurrence. Tumor cell budding was observed in all pathologic reviews with recurrence. Conclusion: Long-term follow-up is necessary for stage I colorectal patients with high risk factors like rectal cancer, T2 stage, and infiltrative growth pattern.
INTRODUCTION
Colorectal cancer is the third most prevalent cancer in South Korea, following gastric cancer and thyroid cancer. It accounts for 12.7% of all cancers, and its prevalence is increasing [1] . Because the number of early diagnoses of the stage I colorectal cancer is tending to increase as the number of people being screened with occult blood tests and colonoscopy through the national campaign for cancer screening has increased [2] , an excellent prognosis of greater than patients) were excluded, and finally 434 patients were chosen as subjects for this study. Retrospective analyses of clinicopathologic factors and of follow-up test results were conducted with prospectively collected data. Among the 434 subjects, 189 had postoperative oral immunochemotherapy. The surgeons decided on this for patients carrying a high risk of recurrence as they presented with evidence of lymphovascular invasion or T2 stage, poorly differentiated cancer, and signet ring cell carcinomas during the surgery and on the pathologic diagnosis. Single oral chemotherapy (tegafur/uracil or doxifluridine) or one combined with an immune modulator (polysaccharide-k) therapy was administered for at least 3 months up to 12 months; 113 patients among 189 patients had the combined therapy.
All the subjects were categorized into the recurrence group and the non-recurrence group during the follow-up period, and their clinicopathologic factors (age, sex, preoperative carcinoembryonic antigen value, the location of tumor T stage [T1 or T2], the size of tumors, the gross finding of the tumor [fungating type or infiltrative type], histologic grade, lymphovascular invasion, the number of obtained lymph nodes, postoperative oral immunochemotherapy) were compared and analyzed. The diagnosis of recurrence was completed by radiological or histological investigation, and the time to recurrence was counted from the operation day. Local recurrence was defined as occurring when the cancer was recurrent in the anastomosis site or in the structure of the pelvic cavity (vagina, bladder, and lymph nodes located in the pelvic cavity), and distant recurrence was defined as occurring when the cancer was recurrent in the systemic lymph nodes, liver, lung, peritoneum, bones and brain [6] . The mean period of follow-up of all the patients was 65 months (2 to 127 months). An independent-sample t-test for continuous variables and a chi-square test for nominal variables were conducted. A multivariate analysis was conducted for clinicopathologic factors that were judged to be statistically significant through a Kaplan-Meier survival analysis, and the Cox regression model was used for the analysis. Results were judged to be statistically significant when P-value was less than 0.05 bilaterally. Table 1 summarized the clinicopathologic characteristics of the 434 patients who were diagnosed with stage I colorectal cancer after a radical resection due to a sporadic colorectal carcinoma. Recurrence was identified in 20 (4.6%) patients during the followup period, and they were classified as the recurrence group. The median value of the time to recurrence was 33 months (range, 3 to 71 months). The invasion depth of the recurrent T1 stage patients was sm3. Among the 20 patients experiencing recurrence, 5 had a reoperation and chemotherapy, 8 had chemotherapy and radiotherapy, and 7 had only symptom-control treatments. Of the 20, 14 expired during the follow-up period. The mean survival period of the remaining 6 patients was 39 months (range, 14 to 68 months) after the above treatments for recurrence, and only 2 patients among the 6 survived longer than 5 years. Table 2 presents the clinicopathologic findings, the location of recurrence, the treat- ments, and the progress of the disease for the recurrence group. Table 3 presents a comparative analysis of the clinicopathologic findings for the recurrence group and for the non-recurrence group. The location of the tumor (P = 0.009), T stage (P = 0.010) and gross finding (P = 0.017) were found to be significant in the univariate analysis of the clinicopathologic factors affecting recurrence. A multivariate analysis was conducted on the clinicopathologic factors found to be significant in the univariate analysis, and the gross finding of the tumor (P = 0.020) was identified as an independent factor affecting recurrence. Table 4 presents the postoperative oral immunochemotherapy and clinicopathologic findings for the recurrence group and the non-recurrence group. It shows that postoperative oral immunochemotherapy had no statistically significance relation to recurrence. The pathology slides of the patients experiencing recurrence were analyzed again by another pathologist for the presence of tumor cell budding, which was found in all the patients experiencing recurrence (Fig. 1) . 
RESULTS

DISCUSSION
The overall prognosis for stage I colorectal cancer shows an excellent outcome of greater than 90% for the 5-year survival rate [3] , but 10 to 13% of the patients still experience recurrence [7] [8] [9] [10] . T2 stage tumor [8] [9] [10] , lymphovascular invasion [7, 8] , lower rectal lesions [9] , male sex [7] , a poorly-differentiated carcinoma [7] and high preoperative carcinoembryonic antigen value [10] were identified as influential factors related to the recurrence of stage I colorectal cancer in previous studies. Table 5 summarizes the results of previous studies related to the recurrence of first-stage colorectal cancer and compares them with the results of this study. In this study, infiltrative type on the gross finding was identified as an independent factor affecting the recurrence in stage I colorectal cancer. An infiltrative type of colorectal cancer has been reported to have a significant effect on recurrence because it invades the pericolorectal fatty tissues and lymph nodes more rapidly than the fungating type [11] [12] [13] . Steinberg et al. [11] reported that among influential factors affecting the prognosis of colon cancer after surgical interventions, the relative risk was 0.52 (P = 0.004) when a fungating type of colorectal cancer existed on the gross finding. Manfredi et al. [12] reported that the relative risk of an infiltrative type of colorectal cancer was 1.2 times greater (P = 0.037) than that of a fungating type of colorectal cancer when it comes to distant recurrence.
The presence of tumor cell budding was found in the pathology slides of all 20 patients experiencing recurrence in this study. Tumor cell budding is known to be related to metastasis to lymph nodes [14, 15] and lymphovascular invasion [16] in cases of a submucosal invasive colorectal carcinoma. Hase et al. [17] analyzed the prognosis of colorectal cancer for 663 patients having had a radical resection after classifying the grade of tumor cell budding into two groups and concluded that tumor cell budding was a powerful prognostic factor because a significant difference in recurrence rates (71.1% vs. 22.2%, P < 0.005) and in 10-year survival rates (50.6% vs. 13.8%, P < 0.001) existed. Ueno et al. [18] established their own criterion, named high-grade budding (>10 foci within a microscopic field of x250), and reported that high-grade budding was related to aggressive characteristics such as histological grade, proper muscle invasion, lymph-node metastasis, growth patterns and vascular invasion. Classifying the grade of tumor cell budding of the patients experiencing recurrence in this study, highgrade budding (as it was defined by Ueno et al.) was observed in 8 cases (40%). Although the presence of tumor cell budding or high-grade budding was not found to be an influential factor affecting the recurrence of the stage I colorectal cancer because the result of tumor cell budding of the non-recurrence group was not confirmed in this study, further studies regarding tumor cell budding are thought to be required because the finding of tumor cell budding is judged to be related to the growth patterns and the histological grade of the tumor. When a univariate analysis for the characteristics of recurrence according to the location of the primary tumor, rectal cancer showed a higher recurrence rate than colon cancer (6.6% vs. 1.4%, P = 0.009). Although no significant difference between the recurrence rate at the upper rectum and at the lower rectum in rectal cancer was noted, 17 cases (90%) among 19 cases of recurrent rectal cancer were located in the middle and in the lower rectum, indicating the characteristics of recurrence were different between the two locations. T stage tumors are known to be an independent factor related to the recurrence of colorectal cancer, and T2 stage identified in stage I colorectal cancer patients has been reported to be an independent factor related to recurrence [10, 13, 19, 20] study, T2 stage was not identified as a significant influential factor related to recurrence (P = 0.064). The reason for this is thought to be the number of the patients, and a more significant result should be gained with bigger samples in further studies. Male sex and lymphovascular invasion were also identified as risk factors related to recurrence of stage I colorectal cancer in previous studies, although significant statistical results were not obtained in this study. Male sex has been understood as a poor prognostic factor for a long time, and in recent years, it has been recognized more as an independent poor prognostic factor in stage II and III rectal cancer [21] . Lymphovascular invasions have been reported as a poor prognostic factor in colorectal cancer patients [22, 23] . The authors reported that the recurrence rate was significantly higher when lymphovascular invasion was identified in sporadic colorectal cancer. Also, especially in recent studies, recurrence in systemic lymph nodes was significant [24] . About 80% of the recurrences after a radical resection in colorectal cancer usually occurs within 2 years [25] [26] [27] . However, only 8 cases of recurrence (40%) among the 20 cases in this study occurred within 2 years, 10 (50%) occurred between 2 years and 5 years, and the remaining 2 occurred after 5 years. The median value of the time to recurrence was 33 months in this study, which was rather different from the results of existing studies (12 to 22 month) [25] . Aghili et al. [28] , in a study addressing early and late recurrence of colorectal cancer, reported that 70% of the recurrences in colorectal cancer occurred at an early stage within 2 years and that the factors related to early recurrence were young age, invasion to proximal organs and Duke C stage. The relatively low early recurrence in this study was estimated to be related to the characteristics of the stage I colorectal cancer where invasion to the intestinal wall was limited to the proper muscle.
Hepatic metastasis was reported to be the most common metastasis occurring within two years from the radical resection in studies analyzing the characteristics of recurrence, but after two years, pulmonary metastasis was most commonly seen and was reported as the most common distant metastatic lesion [25] . In this study, one recurrence case from left colon cancer was a hepatic metastasis, and three out of the four cases of pulmonary metastasis from rectal cancer occurred within two years. Six out of the 7 cases of local recurrence from rectal cancer occurred after two years which was distinctive from the existing results showing similar local recurrence rate over the time [25, 28] . Even though a statistically significant comparison was difficult as the size of the sample was small, this recurrence pattern of stage I colorectal cancer is thought to be related to the characteristics of stage I colorectal cancer where invasion is limited to the proper muscle. Among the 434 patients, 189 underwent postoperative oral immunochemotherapy, but no statistical significance was attached to the way in which the treatment affected the recurrence. However, the conduct of the statistical analysis might have been limited because the surgeons decided on the method and the drug for the therapy by referencing the operation and the pathological finding when they chose the patients for the therapy.
In conclusion, although the recurrence rate of colorectal cancer is around 10%, it is rare for patients to survive longer than 5 years. According to the results in this study, stage I colorectal cancer patients with infiltrative type cancer on the gross finding and with high-grade tumor cell budding were identified as a high risk group, and this should be borne in mind during the follow-up. Moreover, longer follow-up is advised for the high-risk group with rectal cancer, T2 stage and infiltrative type, because, contrary to the recurrence patterns for stage II and III colorectal cancer, more than 60% of the recurrences of stage I colorectal cancer occurred after 2 years.
